Background. Respiratory syncytial virus (RSV) is a leading cause of respiratory infections. An RSV-A genotype (ON1) that contains a 72-nt duplication was reported in 2012 and has since extended worldwide.
Respiratory syncytial virus (RSV, currently known as Human orthopneumovirus) is a major cause of lower respiratory tract infections (LRTI) in children and older adults [1, 2] . This virus is currently classified in the Orthopneumovirus genus of the Pneumoviridae family [3, 4] . RSV is a pleomorphic, enveloped virus with a 15.2-kb (-)ssRNA genome, which contains 10 genes that are translated into 11 proteins [5, 6] . The attachment protein (G) plays an important role in viral entry into the target cells. It is also implicated in several immune system modulation and evasion mechanisms [7] . Due to the immunological pressure exerted on the G protein, its nucleotide and amino acid sequences have been shown to be the most divergent, particularly the extracellular domain region [8] [9] [10] [11] .
Based on the antigenic variations observed in the G glycoprotein, RSV isolates were classified into 2 antigenically distinct groups (A and B) [12] . With the use of molecular technologies, in 1998 the RSV-A subtypes were classified into 5 distinct genotypes, and RSV-B into 4 [8] . Since then, and before 2012, at least 12 genotypes of RSV-A and 23 genotypes of RSV-B had been identified [13] [14] [15] . Recently, Trento et al proposed a minimal threshold for sorting viruses into different genotypes. Using this criterion, NA1, NA2, and N4 genotypes were classified as part of the GA2 genotype, leaving only 7 distinct RSV-A genotypes (GA1-GA7) [16] .
In 1999, an RSV-B genotype (BA), characterized by a 60-nucleotide (nt) duplication located in the second variable region of the G gene, was detected in Buenos Aires, Argentina [13] . Since then, the BA genotype has become the predominant B genotype around the world. This genotype has not been associated with more serious clinical manifestations than previously described B strains [10, 15, 17] .
In 2012, a novel RSV-A genotype, named ON1, was detected in Canada. This new genotype contains a 72-nt duplication in the sequence that corresponds to the C-terminal region of the G gene. The predicted protein has a 23-amino acid duplication with 7 new potential O-glycosylation sites [14] . By 2017, this new RSV-A genotype had been detected in at least 25 countries [9, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Although the first report of RSV-A ON1 virus was from Canada, the most ancient RSV-A ON1 virus registered to date was detected in October 2010 in Panama [20] .
The time of the most recent common ancestor (tMRCA) of all group A sequences dates back to the 1940s, when 2 different branches split (GA1 genotype and GA4/GA5 genotypes) [16] . The year of divergences between RSV-A and -B subtypes has been calculated to be between 1949 and 1970 [11, 19] . It has been estimated that the ON1 genotype separated from the GA2/ NA1 genotype between 2005 and 2009 [20] .
The clinical relevance in terms of severity of infection of the ON1 genotype compared to previously circulating RSV-A viruses is not clear. Some studies have not found greater severity in infections caused by RSV-A ON1 compared to non-ON1 strains [21, 24, 31] . In contrast, other reports suggest that RSV-A ON1 infections are more severe than RSV-A NA1 infections [23, 32, 33] . Nevertheless, a change of this magnitude in the genome and new glycosylation sites suggest that these could be associated with modified virus behavior.
The circulation and diversity of RSV strains is a dynamic process that involves periodical emergence of new genotypes and extinction of the other genotypes [15] . In addition, the mutation rate with the introduction of new strains makes it necessary to carry out continuous molecular and epidemiological surveillance of the virus. Currently, the ON1 genotype constitutes the dominant RSV-A circulating genotype. Because of this, we analyzed the molecular characteristics of RSV strains and the clinical features of episodes of respiratory infection caused by the strains that have been circulating in San Luis Potosí, Mexico, during the last 11 winter seasons. In addition, we analyzed the amino acid sequence of ON1 strains in order to better understand the evolutionary history that led to the emergence of this new genotype.
MATERIALS AND METHODS

Study Location and Patients
The city of San Luis Potosí is located in central Mexico and is the largest city and the capital of the State of San Luis Potosí. The Hospital Central Dr. Ignacio Morones Prieto is one of the largest hospitals in the state. Since October 2002, a surveillance program of respiratory viruses in pediatric patients has been carried out in this institution [34] . We have previously reported the clinical characteristics of all children admitted with confirmed RSV infection from May 2003 to December 2014 [35] . Respiratory samples were obtained as part of research projects approved by the hospital's ethics committee or as part of the hospital viral surveillance program. For the present analysis, a random sample of these cases was selected to carry out typing (A or B) and molecular characterization, including distinction of those with RSV-A viruses with and without the 72-nt duplication (ON1 and non-ON1).
Samples and Methods
Respiratory samples were obtained by nasopharyngeal wash or nasal/oropharyngeal swab. Samples were placed in normal saline and transported under refrigeration to the virology laboratory. RSV detection was carried out using direct immunofluorescence (2003) (2004) (2005) (2006) (2007) (2008) (2009) or reverse transcription polymerase chain reaction (RT-PCR) (2009) (2010) (2011) (2012) (2013) (2014) , as previously described [35, 36] .
Records maintained by the virology laboratory were reviewed to identify all the RSV-positive samples obtained from hospitalized children with LRTI diagnosis that had clinical information available for analysis (n = 1153) [34] . For each winter season, we randomly selected 30% of all RSV-positive samples (n = 345). Samples from each winter season, except 2010-2011, were available for analysis.
We performed 2 different RT-PCR assays with the Access RT-PCR System (Promega). The first assay amplified RSV-A viruses and differentiated between RSV-A ON1 genotype (495 bp) and non-ON1 genotypes (421 bp) (F739-Fw.2 5′-ACA-TCA-GAA-CTA-CAC-TGC-TCA-CC-3′ and F164RG-Rv.2 5′-GTT-ATC-ACA-CTG-GTA-TAC-CAA-CCR-3′). The second RT-PCR assay amplified RSV-B viruses (BGF 5′-GCA-GCC-ATA-ATA-TTC-ATC-ATC-TCT-3′ and BGR 5′-TGC-CCC-AGR-TTT-AAT-TTC-GTT-C-3′).
Once the samples were typed, we selected 5 ON1 strains (including viruses detected in 2009, 2011, 2012, and 2013) for full length sequencing of the G gene; in addition, 2 non-ON1 strains detected in 2009 were also selected for molecular characterization. The High-Capacity cDNA Reverse Transcrpition Kit (Applied Byosystems), was used to synthesize first strand viral cDNA. The full length of the RSV G gene was amplified with 2 overlapping PCRs. The first set of primers (GA1.2.Sec.F 5′-GCA-TTC-ACC-AAT-CTG-ATG-GCT-CA-3′ and GA1.2.Sec.R 5′-GCA-GAT-GGC-CCA-GCA-AGT-3′) amplify from the 3′ UTR region of the SH gene to approximately 255 nt before the start of ON1 duplication, the second set (GA2.Sec.F 5′-CAG-ACT-GTG-ACT-GCA-GCA-AG-3′ and F164RG-Rv.2 5′-GTT-ATC-ACA-CTG-GTA-TAC-CAA-CC-3′) covered from 76 nt before the first reverse primer to the beginning of the coding sequence (CDS) region of the F gene. PCR products were purified using exonuclease I and shrimp alkaline phosphatase (New England Biolabs, Ipswich, MA). Thereafter, they were processed by Sanger sequencing at LANBAMA (Instituto Potosino de Investigación Científica y Tecnológica). The obtained sequences have been submitted to GenBank (accession numbers MG062682-MG062688).
Phylogenetic Analysis
The sequences of the 2 segments were manually inspected with 4Peaks program and trimmed, assembled, and edited with Contig editor program from GeneStudio professional V2.2.0.0 (GeneStudio, Inc.). The full-length sequences from the 7 samples obtained were aligned with 5 G gene sequences reported previously from our institution (accession numbers: KF530268.1, KF826817.1, KF826836.1, KF826837.1, and KF826840.1) and with full-length G gene sequences representing genotypes GA1 (JF920069.1), GA2 (JX069798.1, JQ901447.1, JX015484.1, RSV-A genotypes were designated as previously described by Peret et al [8] . NA1 genotype was included within the GA2 genotype, as proposed by Trento et al [13] . The complete attachment protein amino acid sequences from all of the strains were obtained using Transeq program (EMBL-EBI, UK), and Alignment editor from GeneStudio professional V2.2.0.0 was used to visualize the amino acid variation. The phylogenetic characterization of the sequences was made with Clustal omega and the tree was visualized using GSTree from GeneStudio professional V2.2.0.0.
Statistical Analysis
We analyzed demographic and clinical characteristics using descriptive statistics. Categorical variables were described with percentages. Depending on the data distribution, means or medians were used for description of continuous variables. Categorical variables were compared using the Χ 2 or Fisher's exact test. Continuous variables were compared using Student t test or Mann-Whitney U test. A P value < .05 was considered as statistically significant. Statistical analyses were performed with PSPP Windows and Open Epi.
RESULTS
We analyzed 345 samples of children <5 years old hospitalized with RSV-associated LRTI between May 2003 and December 2014. Of these, 216 were caused by RSV-A and 142 by RSV-B (including 13 cases in which both RSV-A and RSV-B were detected). Among the RSV-A cases, 111 were caused by non-ON1 RSV-A (including 4 cases with coinfection with RSV-B), and 105 were caused by the ON1 genotype (including 9 cases with RSV-B coinfection). The proportion of cases according to RSV type during each winter season included in the study is shown in Figure 1 .
The earliest case of ON1 infection was detected in November 2009. This was a 5-month old girl with history of prematurity, but no other underlying condition, who was admitted because of LRTI. After 3 days in the hospital, she was discharged home in good condition. RSV ON1 was detected in approximately onethird of RSV cases during the 2009-2010 season; of note, there was a large proportion of RSV-A and -B infections during that season ( Figure 1 ). In the 2011-2012 and 2012-2013 seasons the majority (81 out of 97 samples tested, 83.5%) were caused by the ON1 genotype. In contrast, during the last 2 seasons included in the study, the majority of infections were caused by RSV-B (62 out of 75 samples tested, 82.7%).
We compared the clinical characteristics of patients with infection caused by RSV-A and RSV-B (Table 1) . Overall, the characteristics of patients with either type of infection were similar. The only statistically significant differences observed between both groups were the frequency of prematurity (which was most commonly reported in patients with RSV-B infection) and the length of hospitalization (which was longer in patients with RSV-B infection). When both variables (prematurity and RSV type) were included as covariates in a multivariate analysis, only the history of prematurity was significantly associated to the length of hospitalization.
Comparison between infections caused by ON1 RSV-A viruses and those caused by non-ON1 virus did not show any significant differences ( Table 2 ). The frequency of admission to the intensive care unit was similar in both groups (4.1% vs 3.8%, respectively; P = .99). One child with RSV ON1 infection died, while no deaths were found in the group with non-ON1 infections (1% vs 0%; P = .95). The mean duration of hospitalization was similar in both groups (4.99 vs 5.3 days; P = .64). Additional analyses limited to children <1 year of age, as well as excluding children with comorbidities, also did not show significant differences in severity between children with ON1 and non-ON1 infections (data not shown).
The G gene analysis included sequences from viruses detected in San Luis Potosí between 2006 and 2013. The nucleotide sequences of these viruses were compared to sequences from representative viruses from GA1, GA2/NA1, GA5, GA7, and ON1 genotypes (Figure 2 Amino acid substitutions analysis of the attachment protein of the RSV-A ON1 viruses from sequences included in this study are shown in Figures 3 and 4 . In this analysis, we first compared the original duplicated region (amino acids 261-283) of the second variable region of GA1 genotype with sequences from the same region of the GA5, GA7, GA2, and ON1 genotypes. GA5 viruses had 5 amino acid differences (E262M, L265F, T274P, I279V, and Y280S) and GA7 had 4 changes (K262M, L265F, P270S, and Y280S). GA2 strains showed consistent differences in 6 amino acid positions (E/K262M, L265F, T269S, Y273N, L274P, Y280S); some additional unique changes were seen in some sequences. Of note, in GA2 strains, amino acids 273 and 274 are flanked by a highly conserved sequence motif (GXXSPSQ). As a result, 4 sequence motifs were noted in GA2 strains: GNPSPSQ, GNLSPSQ, GYPSPSQ, and GYLSPSQ. ON1 strains have the same 6 amino acids changes that are present in GA2 strains (E/K262M, L265F, T269S, Y273N, L274P, and Y280S); however, only 3 motif sequence patterns were observed (GYPSPSQ, GYLSPSQ, and GNPSPSQ). In addition, ON1 strains with the sequences motifs GYPSPSQ and GYLSPSQ have 3 unique amino acid changes (G232E, K253T, and L314P).
In the case of the ON1 sample with the sequence motif GNPSPSQ, we observed several unique amino acids changes (F105S, P142Q, V195G, I208L, D237N, and P314) that are not present in ON1 strains with the GYPSPSQ and GYLSPSQ motifs (Figure 4 and Supplementary Figure S1 ). This ON1 sample (accession number: KX655694) was detected in Amman, Jordan in 2011. The above-mentioned 6 amino acid changes are present in other GA2 samples collected during 2010-2015 in the United States (accession numbers: JF920055, MF001052, MF001054) that also have the GNPSPSQ sequence motif (Figure 4) . In Supplementary Figure S1 we represent the phylogenetic clustering of the sequences studied. In such analysis, it is clear how the viruses are clustered into clades, which can be clearly differentiated by the sequence motif GXXSPSQ.
We then analyzed the sequence of the 23 duplicated amino acids of the ON1 strains. As expected, in general, the sequences were similar to the sequence of the original 23 amino acids of the same sequence; some point amino acid differences were found at the corresponding position in some viruses. Of note, the same 3 patterns observed in the 273 and 274 amino acid positions (YP, YL, and NP) were conserved at the 297 and 298 amino acid positions, and their presence correlates with the clade in which each strain groups (Figure 2) . Furthermore, the pattern (QYPSPSQ, QYLSPSQ, or QNPSPSQ) is maintained within each strain; the only exception is one sequence that showed an H273N amino acid change (Supplementary Figure S2) . premature stop codon after histidine 249. Thus, although this strain was classified as ON1 genotype based on the nucleotidic sequence, the predicted protein sequence was 81 amino acids shorter than the other ON1 sequences.
DISCUSSION
In this study, we detected the first RSV-A ON1-associated infection in San Luis Potosí in November 2009; almost 1 year before the previous 2 earliest RSV-A ON1 strains reported to date [16] . Thereafter, ON1 has become the predominant RSV-A genotype. The rapid predominance of RSV-A ON1 genotype in our region is in accordance with previous reports indicating the emergence of new RSV genotypes with a rapid replacement of previous circulating strains [37] . The introduction of the RSV-A ON1 genotype with rapid displacement of previously circulating strains has been reported in other geographical areas [22-24, 27, 30, 38-40] .
It has been calculated that RSV-A ON1 branched from GA2/ NA1 genotype between 2005 and 2009 [20] . Interestingly, the duplications observed in both the RSV-A ON1 and RSV-B BA strains are located in the terminal region of the G gene. The advantages that these duplications confer to RSV strains over previously circulating viruses are unclear. An in vitro study showed that RSV-B viruses with a duplication of the G gene have an increased cell attachment capacity [41] . Trento et al suggested that the nucleotide insertions in the G gene present in RSV-B BA genotype, might be linked to changes in the antigenicity of G protein [13] . The high evolutionary rate of the third hypervariable region of this gene may be associated with the ability of the virus to cause repeated infections [5, 42] . In general, it has been suggested that the evolution of major RSV antigens is associated with selective pressure in the host [42] . In fact, the only RSV gene that displays clear evidence of positive diversifying selection is the G gene [37] .
We observed that amino acid changes at positions 273 and 274 of the G protein result in 4 combinations of sequence motifs that are characteristic of different clades within the GA2 genotype (GNPSPSQ, GNLSPSQ, GYLSPSQ, and GYPSPSQ). In ON1 strains only 3 of these combinations are also observed (GYLSPSQ, GYPSPSQ, and GNPSPSQ). Furthermore, the same patterns at the corresponding positions are seen within the duplication (either GYLSPSQ, GYPSPSQ, or GNPSPSQ) in each viral strain. All these observations suggest that ON1 strains are the result of at least 3 independent events: the first one originating from a GA2/NA1 strain with characteristic GYLSPSQ sequence motif, the second from a GA2 strain with GYPSPSQ sequence motif, and a third from a GA2 strain with GNPSPSQ sequence motif. RSVA/Homo sapiens/JOR/A0215/2011 (accession number KX655694) is the only ON1 virus reported with GNPSPSQ sequence motif; it contains 10 amino acid residues that are not present in other ON1 strains, but which have previously been reported in RSV-GA2 strains.
Altogether, these results indicate that RSV ON1 strains do not derive from a single duplication event; the different signatures in amino acid residues between ON1 strains suggest at least 3 independent duplication events occurred. Of interest, a 
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Mex/66/13 Figure 4 . Amino acid substitutions in GA2 and ON1 strains. Sequences are grouped according to the presence of the different sequence motifs GXXSPSQ in the original (GA2 and ON1) and duplicated (ON1) strains. Signature amino acid changes that differ between the ON1 sequence with the GNPSPSQ motif and other (GYLSPSQ and GYPSPSQ) ON1 sequences are identified with a black star. Signature amino acid changes that differ between the ON1 sequence with the GYPSPSQ motif and other (GYLSPSQ or GNPSPSQ) ON1 sequences are identified with a gray star. [44] . Thus, the generation of duplications (such as those present in RSV BA, RSV-A ON1, and hMPV) may occur more frequently than currently appreciated. A clinically important aspect to consider regarding RSV subtype and genotype analysis is whether the severity of infection may differ between different viral strains. Several studies have aimed at addressing this issue, and most suggest that there are no major differences between infections caused by RSV-A and RSV-B subtypes [45, 46] . In our study, children with RSV-B infections tended to have longer hospitalizations than children with RSV-A infections; however, no significant differences were noted from multivariate analysis. In recent years, the identification of the RSV-A ON1 genotype has led to a renewed interest in assessing if there are clinically significant differences between RSV-A strains. As between RSV-A and RSV-B infections, information from different studies is ambiguous. Some studies have reported that the ON1 genotype is more likely to cause less-severe infections (upper respiratory tract infections) than severe infections (LRTI) compared to other genotypes [21, 24] . In contrast, other studies have reported that LRTI or signs of more severe respiratory illness may be more common in children with RSV ON1 infections compared to other genotypes [23, 31, 32, 37] . In our study, we did not find any statistical difference in clinical features between ON1 and non-ON1 RSV-A infections. Our findings are consistent with most studies that indicate that differences in severity in patients with RSV infections are related more frequently to host or environmental factors than to viral factors [30, 31, 45] .
In summary, we found that the RSV ON1 genotype has been present in central Mexico since November 2009 and has become the predominant RSV A genotype in recent years. As far as we are aware, this study includes the oldest ON1 virus detected to date. Our results suggest that ON1 strains resulted from at least 3 duplication events that occurred independently. As such, the characterization of the genomic and epidemiological features of RSV viruses in diverse regions provides relevant information to understand the emergence of new viral strains. Availability of molecular data from a larger number of strains that include at least the complete G gene sequence should be of help to define the frequency and implications of this evolutionary mechanism.
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